HARD DISK DRIVE PREAMPLIFIER WRITE 

DRIVER 



FIELD OF THE INVENTION 

[001] The present invention relates to inductive line drivers and, more 
particularly, to a differential thin-film inductive-write driver for use with a hard disk 
drive (HDD) preampUfier. 

BACKGROUND OF THE INVENTION 

[002] The interconnecting leads between preamplifiers and read/write heads in hard disk 
drive devices are spaced very close together, often within a few mils of each other. The read 
sensors consist of very sensitive magnetoresistive material that cannot tolerate excessive 
voltages. In contrast, the write element consists of a thin-film inductor which requires large 
sub-nanosecond voltage swings for high data rate systems. Because of the close spacing of the 
writer and the reader, an asymmetrical voltage swing provided to the write head can couple into 
and damage the adjacent read element. 

[0031 Prior art apparatuses for use in applying write signals for driving a write head to 
effect writing information to a memory device, such as write driver preamplifiers, are often not 
designed to effect symmetrical voltage swing during the write current reversal period. Write 
current reversal is commonly employed to differentiate between digital symbols (e.g., a "1" and a 
"0") in writing information to a memory device. Any voltage asymmetry in carrying out write 
current reversal will result in energy coupling into the adjacent reader(s), and can damage or 
destroy the sensitive read element(s). Read elements and write elements are commonly situated 
in very close proximity in read/write heads associated with storage medixmis such as HDD 
devices. 
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[004] The coupling current can be modeled by: 



I=CdV (1) 
dt 

Where, C is the average capacitance from the writer to the reader, 
dV is the asjonmetrical voltage, and 
dt is the net change in time. 

[005] From Eqn. (1) one can observe that the coupling current will increase when the 
spacing between traces is decreased ((i.e., when capacitance is increased), when the writer 
voltage is asymmetric (i.e., when dV is increased), or when the switching speed is increased (i.e., 
when dt is decreased). 

[006] Such prior art apparatuses further attempt to provide symmetrical 
voltage swing by biasing the common-mode write voltage about mid supply for a 
single write digitai-to-analog converter (DAC) setting. Therefore, the writer's output 
common-mode will vary with the programmed write current and the writer's voltage 
swing will be symmetric for only one programmed setting. Further limitations of 
these prior art apparatuses include the difficulty in programming the mid-supply 
voltage which is typically only 1 bit programmable. 

[007] It is therefore desirable for the present invention to overcome the 
aforementioned problems and limitations associated with the prior art apparatuses that 
apply write signals to drive a write head for writing information to a memory device. 

SUMMARY OF THE INVENTION 

[008] The present invention achieves technical advantages as a HDD 
preamplifier write driver that overcomes the problems and limitations associated with 
the prior art apparatuses. The present invention moves the conmion-mode voltage of 
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the writer*s output inversely proportional to the programmed write current. As such, 
the common-mode voltage is fixed independent of the programmed write current. 
Further, the present invention provides more constant overshoot independent of the 
programmed write current. 

[009] In one embodiment of the present invention, an apparatus comprises a 
current directing circuit comprising: a first write head connection node, and a second 
write head connection node, wherein the current directing circuit is adapted to 
provide current to the first write head connection node and to the second write head 
connection node. The apparatus further comprises a conmion mode generator, 
coupled to the current directing circuit, adapted to provide additional current to the 
first write head connection node and to the second write head connection node, 
wherein the first write head connection node is adapted to produce a first write signal, 
wherein the second write head connection node is adapted to produce a second write 
signal, wherein the current and the additional current are adapted to establish a 
voltage across the first write head connection node and the second write head 
connection node, wherein the voltage is adapted to be pulled toward a first polarity 
based on the first write signal and toward a second polarity based on the second write 
signal, and wherein the voltage pulled toward the first polarity and the voltage pulled 
toward the second polarity are substantially centered about a common mode voltage. 

[0101 In another embodiment of the present invention, a preamplifier comprises a 
common mode generator, an H-bridge circuit, a current mirror coupled to the common mode 
generator and to the H-bridge circuit, an overshoot system coupled to the current mirror and the 
H-bridge circuit, a first write head connection node adapted to produce a first write signal, 
wherein the first write head connection node is coupled to the H-bridge circuit, and a second 
write head connection node adapted to produce a second write signal, wherein the second write 
head connection node is coupled to the H-bridge circuit, wherein the common mode generator is 
adapted to provide current, wherein the current is adapted to establish a voltage across the first 
write head connection node and the second write head connection node, wherein the voltage is 
adapted to be pulled toward a first polarity based on the first write signal and toward a second 

3 

3377169V1 TI Patent Application - DIFFERENTIAL THIN-FILM INDUCTIVE-WRITE DRIVER FOR HDD 
PREAMPLIFIERS 102521/00322 



polarity based on the second write signal, and wherein the voltage pulled toward the first polarity 
and the voltage pulled toward the second polarity are substantially centered about a common 
mode voltage. 

[Oil] In a further embodiment of the present invention, a method for producing write 
signals comprises receiving current fi-om a current source at a first system when the current 
source is not operating at a maximiun current output, supplying the current fi-om the first system 
to a second system, decreasing (or maintaining) a voltage level at a transistor in the second 
system based on the supplied current, decreasing (or maintaining) the bias point of the transistor, 
decreasing a voltage level at a write connection node coupled to the transistor based on the 
decreased bias point, and maintaining a substantially conmion voltage for positive excursions 
and negative excursions of a write signal at the write connection node based on the decreased 
voltage level at the write connection node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[012] FIG. 1 is a schematic diagram illustrating modeling of a thin film 
inductive write driver system as a low pass filter in accordance with an exemplary 
embodiment of the present invention; 

[013] FIG. 2 is a schematic diagram illustrating how a low pass filter affects 
traversing signals in accordance with an exemplary embodiment of the present 
invention; 

[014] FIG. 3 is a schematic diagram illustrating how a signal overshoot 
affects the operation of a low pass filter in accordance with an exemplary 
embodiment of the present invention; 

[015] FIG. 4 is a graphic plot illustrating a desired write current waveform as 
a function of time in accordance with an exemplary embodiment of the present 
invention; 
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[016] FIG. 5 is a graphic plot illustrating voltage characteristics across a 
write head as a function of time that are appropriate for presenting the desired current 
waveform illustrated in FIG. 4 in accordance with an exemplary embodiment of the 
present invention; and 

[017] FIG. 6 is a schematic diagram illustrating the preferred embodiment of 
the apparatus of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[018] FIG. 1 is a schematic diagram illustrating modeling of a thin film 
inductive write driver system as a low pass filter. In FIG. 1, a write driver system 100 
includes a preamplifier 102 coupled with an interconnect structure 104. Interconnect 
structure 104 typically includes lead wires extending from preamplifier 102 along an 
extended arm reaching adjacent a magnetic storage disk (not shown in FIG 1) to a 
write head 106. Write head 106 is typically suspended on the extended arm that 
supports interconnect structure 104 in close proximity with media 108. Media 108 is 
typically a magnetic storage disk. 

[019] Components contained within dotted line box 109 may be modeled as 
a low pass filter (LPF) 110 coupled with preampUfier 102. Low pass filter 110 is 
configured to pass signals having frequencies below a predetermined fi-equency value 
and inhibit passing of signals having frequencies above the predetermined frequency 
value. 

[020] FIG. 2 is a schematic diagram illustrating how a low pass filter affects 
traversing signals. In FIG. 2, an input signal 120 is input to a low pass filter 122. 
Input signal 120 varies between an input signal minimum 121 and an input signal 
maximum 123. Low pass filter 122 presents an output signal 124. Output signal 124 
has a relatively slow rise time from output signal minimum 126 and output signal 
maximum 128. Similarly, output signal 124 has a relatively slow fall time from 
output signal maximum 128 to output signal minimum 126. Slow rising and falling 
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result in transitions or excursions of output signal 124 between output signal 
minimum 126 and output signal maximum 128 occupying longer time intervals than 
would be the case if rise times and fall times were shorter. If signal transitions or 
excursions occurred more quickly, more data could be transferred in a given time 
interval than can be transferred when rise times and fall times are slower. 

[021] FIG. 3 is a schematic diagram illustrating how a signal overshoot 
affects the operation of a low pass filter. In FIG. 3, an input signal 130 is input to a 
low pass filter 132. An overshoot characteristic is introduced to input signal 130 so 
that input signal 130 varies between an input signal minimum 135 and an input signal 
maximum 137. Input signal limits 135, 137 are beyond the nominal signal limits 131, 
133 that would be associated with input signal 130 without an overshoot 
characteristic imposed. Low pass filter 132 presents an output signal 134. Output 
signal 134 has a relatively faster rise time (compared with rise time for output signal 
124; FIG. 2) from output signal minimum 136 and output signal maximum 138. 
Similarly, output signal 134 has a relatively faster fall time (compared with rise time 
for output signal 124; FIG. 2) firom output signal maximum 138 to output signal 
minimum 136. Faster rising and falling times result in transitions or excursions of 
output signal 134 between output signal minimum 136 and output signal maximum 
138 occupying shorter time intervals. Because signal transitions or excursions occur 
more quickly, more data can be transferred in a given time interval than can be 
transferred when rise times and fall times are slower. 

[022] Faster rising and falling of signals to a write head in a storage system 
is manifested in increased density of stored bits. Write systems therefore preferably 
provide current overshoot characteristics to aid in quickly reversing current direction 
through a write head to reverse flux direction intersected by the storage mediimi (e.g., 
a magnetic disk) for writing information to the storage medium (e.g., "l"s and "0"s). 
Providing current overshoot characteristics also sharpens transition edges, thereby 
permitting reliable increased density writing of information to the storage medium. 
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[023] FIG. 4 is a graphic plot illustrating a desired write current waveform as 
a function of time. In FIG. 4, a graphic plot 140 presents a curve 142 representing 
current through a write head is plotted according to a first (current) axis 144 as a 
function of time according to a second axis 146. Ciu^e 142 begins at a time to at a 
current level of -Ii. Current level -Ii is a current level that indicates a digital character 
(e.g., a "1" or a "0") for storage in a medium such as a magnetic storage disk (not 
shown in FIG. 4). At a time ti curve 142 increases and passes zero at a time t2. Curve 
142 continues to increase until it reaches a value of +Ios at a time ta. Current level 
+Ios is the positive overshoot current limit or peak overshoot of curve 142. Curve 142 
rapidly declines in value after time ts and approaches a current level +Ii. Curve 142 
settles out at current level +Ii substantially at time t4. Current level +Ii is a current 
level that indicates a digital character (e.g., a "1" or a "0") for storage in a medium 
such as a magnetic storage disk (not shown in FIG. 4). At time ts curve 142 decreases 
and passes zero at a time Curve 142 continues to decrease xmtil it reaches a value 
of -los at a time t?. Current level -los is the negative overshoot current limit or peak 
undershoot of curve 142. Curve 142 rapidly increases in value after time t-j and 
approaches a current level -Ii. Curve 142 settles out at current level -Ii substantially 
at time tg. Preferably curve is symmetrical so that there is no net positive or negative 
current. That is, preferably magnitude |+/^^| is equal with magnitude l+^^li and 
interval (ti - 14) is equal with interval (ts - tg). 

[024] FIG. 5 is a graphic plot illustrating voltage characteristics across a 
write head as a function of time that are appropriate for presenting the desired current 
waveform illustrated in FIG. 4. In FIG. 5, a graphic plot 150 presents curves 152, 
153 representing voltages present at respective connection terminals of a write head 
that provide the desired write currents (e.g., curve 140; FIG, 4). Curves 152, 153 are 
plotted according to a first (voltage) axis 154 as a function of time according to a 
second axis 156. Curve 152 represents voltage present at a first terminal of a write 
head and begins at a time toat a voltage level of +Vi. Curve 153 represents voltage 
present at a second terminal of the write head and begins at a time to at a voltage level 
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of -Vi. Curves 152, 153 represent voltage potentials at each of two ends of a write 
head that cooperate to establish a current through the write head (e.g., curve 140; FIG. 
4). At a time ti curve 152 decreases and passes the common-mode point at a time t2. 
At a time ti curve 153 increases and passes the common-mode point at time t2. 
Polarity of the current through the write head is determined by polarities of voltages 
at terminals of the write head. Thus, cur-rent through the write head will proceed in a 
first direction (i.e., have a first polarity) when curve 152 is at potential +Vi and curve 
153 is at potential -Vi as during the interval to - 12. The relative polarities of curves 
152, 153 during interval to - t2 will produce a write current, for example, of -11 as 
indicated during interval to - ti in FIG. 4. 

[025] Curve 152 continues to decrease until it reaches a value of Vos at a 
time t3. Curve 153 continues to increase until it reaches a value of +Vos at time ts. 
Voltage level -Vos is the negative overshoot voltage limit of curve 152. Voltage level 
+Vos is the positive overshoot voltage limit of curve 153. During the interval t2 - 13 
current (e.g., curve 140; FIG. 4) through the write head approaches zero and reaches 
zero at time ta. Curve 152 rapidly increases in value after time ts and reaches a 
maximum excursion locus at time t4. Curve 153 decreases in value after time ta and 
reaches a minimum excursion locus at time t4. Current through the write head has 
passed its peak overshoot current limit (either +los or -los), depending upon the 
relative polarities of curves 152, 153) during the interval U - U- 

[026] Curve 152 decreases after time t4 and settles out at voltage -Vi at time 
t6. Curve 153 increases after time U and settles out at voltage +Vi at time ta. Peak 
undershoot of current through the write head occurs at time ts when curves 152, 153 
cross. Current through the write head during interval to to-ti flows in the opposite 
direction of current through the write head following time te because the relative 
polarities of curves 152, 153 are reversed during those times. 

[027] During interval to - ti, and after time t6 curves 152, 153 are 
substantially symmetrical about a common mode voltage Vcomm. It is preferred that 
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voltage represented by curve 152 (V152) and voltage represented by curve 153 (V153) 
be symmetrical about common mode voltage Vcomm so that preferably magnitude 
|J^52| is equal with magnitude \V^^^\ in any selected time interval When such 

symmetry is achieved, coupHng between components in a write system (e.g., coupling 
with adjacent read elements) may be avoided. 

[028] Sometimes a system is skewed toward the top rail (also referred to as 
upper supply voltage; e.g., Vcc in FIG. 5) or toward the bottom rail (also referred to 
as lower supply voltage; e.g., Vee in FIG. 5) and "runs out of room" in its signal 
variance while seeking desired symmetry. This sometimes occurs because conmion 
mode voltage Vcomm (i.e., the common voltage about which the signal variations are 
desired to be symmetrical) is too high or too low. When common mode voUage 
Vcomm is too close to the top rail, for example, a system may tend to generate 
voltages that encounter the top rail, limiting the magnitude of signal excursion in the 
positive direction (while not affecting signal excursions in the negative direction), 
thereby experiencing asymmetry. Similarly, one may find that common mode voltage 
Vcomm is skewed toward a lower value so that a system tends to generate voltages 
that encounter the bottom rail and thereby experience asymmetry, 

[029] A manufacturer of a preamplifier for use with a read-write storage 

system (e.g., a magnetic disk storage system) preferably designs a preamplifier that 

can accommodate a variety of operating conditions and parameters that may be 

presented by different system designs by different customers. Accordingly it is 

advantageous for a given preamplifier design to have progranraiable bottom end 

characteristics - such as programmable magnitude and programmable duration of 

boost or overshoot toward a negative direction for a voltage waveform for a writer 

head. Similarly, it is advantageous for a given preamplifier to have progranraiable 

top end characteristics - such as progranmiable magnitude and programmable 

duration of boost or overshoot toward a positive direction for a voltage waveform for 

a vmter head. Having both top and bottom boost or overshoot programmable permits 

a preamplifier to accommodate a wide range of operating characteristics that may be 
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encountered in various storage systems in which the preamplifier may be employed. 
In order to design a device that can be used with a variety of products for a variety of 
customers, it is advantageous for a system to provide some adjustability to a customer 
in designing what value is assigned for common mode voltage Vcomm. It is 
advantageous for a system to provide a capability to adjust the value of common 
mode voltage Vcomm to permit a designer to ensure that sufficient room is left to 
avoid crowding the top rail or the bottom rail during operation. 

[0301 FIG. 6 is a schematic diagram illustrating the preferred embodiment of 
the apparatus or preamplifier 160 of the present invention. The apparatus 160 
includes a constant common mode generator circuit 162, an H-bridge circuit 164, a 
switched current mirror circuit 166, and an overshoot circuit 168. 

[031] H-Bridge Circuit Description 

[032] The H-bridge circuit 164 includes transistors QDRVX and QDCX coupled at a 
first common locus or node, and transistors QDRVY and QDCY coupled at a second common 
locus or node. Write head connection node WnX is connected to the common locus of QDRVX 
and QDCX by series bias resistor RBX. Write head connection node WnY is connected to the 
common locus of QDRVY and QDCY by series bias resistor RBY. A first supply voltage Vcc is 
applied to transistor QDRVX at its collector and is applied to transistor QDRVY at its collector. 
Transistors QDCX and QDCY are connected to a second supply voltage Vee through a shared 
bias resistor RDCS. 

[033] Switched Current Mirror Description 

[034] The switched current mirror 166 is composed of current reference transistors QBl 
and QBlb and mirror transistors QBDCX and QBDCY. Switches QDC and QDCZ are 
connected at a common locus to the output of the current mirror reference composed of 
transistors QBl and QBlb. The base of transistor QBDCX is connected to switch QDCZ and the 
base of transistor QBDCY is connected to switch QDC. The current mirror reference transistors 
QBl and QBlb are connected to digital-to-analog converter IWRT by transistor MPDC. The 
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reference current for transistors QBl and QBlb is provided by digital-to-analog-converter 
IWRT. 

[035] When switches QDC are closed, both transistors QDCY and QBDCY will be 
turned on to conduct. Rendering transistor QDCY conductive will connect the common locus of 
QDCY, QDRVY and RBY to second supply voltage VEE. Rendering transistor QBDCY 
conductive will decrease the base voltage of transistor QDRVY, thereby rendering transistor 
QDRVY partially nonconductive. In this configuration, current will be allowed to flow fi-om 
write head connection node WnY to second supply VEE by passing through transistor QDCY. 
At the same time that switches QDC are closed, switches QDCZ will be open. This will render 
transistors QDCX and QBDCX nonconducting. Rendering transistor QDCX nonconductive will 
disconnect the common locus of transistor QDRVX, resistor RBX and transistor QDCX fi-om 
second supply VEE while leaving this locus connected to first supply voltage VCC through 
transistor QDRVX. hi this configuration, current will be supplied to the write head connection 
node WnX by passing through transistor QDRVX, resistor RBX, and resistor RBY fi:om first 
supply VCC. Thus, when the H-bridge circuit is configured in the manner described, write 
current will be caused to flow into write head connection node WnX and out of write head 
connection node WnY. This situation may exist, for example, when a write signal establishes a 
positive voltage excursion across write head connection nodes WnX and WnY fi'om common 
mode voltage. 

[036] The write circuit operates in a substantially similar fashion to the exemplary 
configuration when switches QDCZ are closed and switches QDC are open. This situation may 
exist, for example, when a write signal estabhshes a negative voltage excursion across write head 
connection nodes WnX and WnY fi-om common mode voltage. 

[037] It is the alternate closing and opening of switches QDC and QDCZ that effects 
writing of data to a hard disk in a disk drive storage device. 

[038] Overshoot System Description 
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[039] The overshoot system 168 includes switches QBSTZ and QBST, transistors QB2 
and QB2b and transistors QBSTX and QBSTY. Transistors QB2 and QB2b are configured as a 
current mirror with transistors QBSTX and QBSTY. The reference current for transistors QB2 
and QB2b is provided by a programmable digital-to-analog-converter EBST. In order to enhance 
negative excursions of signal WnX switch QBSTZ is closed, thereby turning on transistor 
QBSTX to conduct. Switch QBST is open so that transistor QBSTY does not conduct. 
Rendering transistor QBSTX conductive applies additional current fi-om the current mirror to 
lower the potential at write connection locus WnX. The lowered potential at write connection 
locus WnX pulls down the write signal WnX, thereby boosting the bottom characteristic of write 
signal WnX. That is, negative excursion of write signal WnX is enhanced by the overshoot 
system. 

[040] In order to enhance negative excursions of signal WnY switch QBST is closed, 
thereby turning on transistor QBSTY to conduct. Switch QBSTZ is open so that transistor 
QBSTX does not conduct. Rendering transistor QBSTY conductive applies additional current 
from the current mirror to lower the potential at write connection locus WnY. The lowered 
potential at write connection locus WnY pulls down the write signal WnY, thereby boosting the 
bottom characteristic of write signal WnY. That is, negative excursion of write signal WnY is 
enhanced by the overshoot system. 

[041] The strength, or magnitude of the boost provided by the overshoot system may be 
adjusted by varying the current IBST provided to the current mirror by the IBST DAC. 

[042] It is important to have write voltage signals (e.g., write signals WnX, WnY) 
experience balanced excursions from their common mode voltage in order to reduce coupling 
with adjacent read elements (not shown in Fig.). In order to enhance positive excursion of write 
signal WnX control signal MBSTZ gates transistor MPBX to conduct. Transistor MPBY is not 
gated and therefore does not conduct. Rendering transistor MPBX conductive applies first 
supply voltage VCC to raise potential at write connection locus WnX. The raised potential at 
write connection locus WnX pulls up write signal WnX toward first supply voltage VCC, 
thereby boosting the top characteristic of write signal WnX. That is, the positive excursion of 
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write signal WnX is enhanced by rendering transistor MPBX conductive. In order to enhance 
positive excursion of write signal WnY control signal MBST gates transistor MPBY to conduct. 
Transistor MPBX is not gated and therefore does not conduct. Rendering transistor MPBY 

conductive applies first supply voltage VCC to raise potential at write connection locus WnY. 
The raised potential at write connection locus WnY pulls up write signal WnY toward first 
supply voltage VCC, thereby boosting the top characteristic of write signal WnY. That is, the 
positive excursion of write signal WnY is enhanced by rendering transistor MPBY conductive. 

[043] Constant Common Mode Generator Description 

[044] The constant common mode generator 162 consists of a current mirror system 
composed of reference transistors QCM and QCMb and mirror transistors QBCMX and 
QBCMY. The current mirror reference transistors QCM and QCMb are connected to digital-to- 
analog converter IWRT by transistor MPCM. The current in the current mirror reference 
transistors QCM and QCMb may be supplied by digital-to-analog converter IWRT. Transistors 
QBCMX and QBCMY are connected at a common locus to the output of the current mirror 
reference composed of transistors QCM and QCMb. 

[045] Control signal DAC_BIT gates transistor MPCM to conduct when the DAC is not 
operating at its maximum current output. When signal DAC_BIT is applied to the gate of 
transistor MPCM this transistor will be rendered conductive. This will allow current to flow 
fi-om the DAC to the current mirror reference transistors QCM and QCMb. 

[046] When switch QCMZ is closed transistor QBCMX will conduct current 
proportional to the current in the current mirror reference transistors QCM and QCMb. This 
current through QBCMX will cause the voltage at the base of transistor QDRVX to be 
decreased. This voltage decrease at the base of transistor QDRVX will then decrease the voltage 
level at write connection locus WnX. This decrease in voltage at WnX may be usefiil in 
maintaining a particular center voltage for positive and negative excursions of the write signal at 
WnX. 
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[047] When switch QCM is closed transistor QBCMY will conduct current proportional 
to the current in the current mirror reference transistors QCM and QCMb. This current through 
QBCMY will cause the vohage at the base of transistor QDRVY to be decreased. This voltage 
decrease at the base of transistor QDRVY will then decrease the voltage level at write 
connection locus WnY. This decrease in voltage at WnY may be useful in maintaining a 
particular center vohage for positive and negative excursions of the write signal at WnY. The 
constant common mode generator will thus allow additional current to be used to effectively 
position and maintain the write driver's common mode voltage at a desired level. 

[048] The apparatus 160 includes the common mode generator 162, the H- 
bridge circuit 164, the current mirror 166 coupled to the common mode generator and 
to the H-bridge circuit, and the overshoot system 168 coupled to the current mirror 
and the H-bridge circuit. A first write head connection node (for example, node 170) 
is adapted to produce a first write signal, wherein the first write head connection node 
is coupled to the H-bridge circuit, and a second write head connection node (for 
example, node 172) is adapted to produce a second write signal, wherein the second 
write head connection node is also coupled to the H-bridge circuit. The first write 
signal and the second write signal are received by a write head external to the 
preamplifier 160 via an interconnect coupled between the preamplifier and the write 
head (see FIG. 1). 

[049] In the apparatus 160, the conmion mode generator 162 is adapted to 
provide current, the current is adapted to establish a voltage across the first write head 
connection node and the second write head connection node, the voltage is adapted to 
be pulled toward a first polarity based on the first write signal and toward a second 
polarity based on the second write signal, and the voltage pulled toward the first 
polarity and the voltage pulled toward the second polarity are substantially centered 
about a conmion mode voltage. 

[050] A first current source (for example, the DAC IWRT) is coupled to the common 
mode generator 162 and supplies current (via at least one programmable current source) to the 

14 

3377169vl TI Patent Application - DIFFERENTIAL THIN-FILM INDUCTIVE- WRITE DRIVER FOR HDD 
PREAMPLIFIERS 102521/00322 



current mirror when the first current soxirce is at a maximum level. The first current source 
further supplies current to the common mode generator 162 when the first current source is not at 
a maximum level. The current is supplied substantially equally to the first write head connection 
node 170 and to the second write head connection nodel72 and the common mode voltage 
remains substantially constant. 

[051] A second current source (for example, the DAC IBST) is coupled to the overshoot 
system 168 which supplies current to the first write head connection node 170 and to the second 
write head connection node 172. The switches QCM and QCMZ of the common mode generator 
162 and the switches QBST and QBSTZ of the overshoot system 168 can operate independently 
of one another or in conjxmction with one another. For example, at least one of the common 
mode generator 162 switches can be off for a period of time when at least one of the overshoot 
system 168 switches is on. In such a situation, one of the voltage pulled toward the first polarity 
and the voltage pulled toward the second polarity is pulled in one of a higher and lower direction 
fi-om the substantially centered common mode voltage. 

[052] The apparatus 160 can be described as comprising the common mode generator 
circuit 162 and a current directing circuit that includes the H-bridge circuit 164, the current 
mirror circuit 166, the overshoot system 168, as well as the first write head connection node 170 
and the second write head connection node 172, wherein the current directing circuit is adapted 
to provide current to the first write head connection node and to the second write head 
connection node. The common mode generator 162, coupled to the current directing circuit, is 
adapted to provide additional current to the first write head connection node 170 and to the 
second write head connection node 172, wherein the first write head connection node is adapted 
to produce a first write signal, wherein the second write head connection node is adapted to 
produce a second write signal, wherein the current and the additional current are adapted to 
establish a voltage across the first write head connection node and the second write head 
connection node, wherein the voltage is adapted to be pulled toward a first polarity based on the 
first write signal and toward a second polarity based on the second write signal, and wherein the 
voltage pulled toward the first polarity and the vohage pulled toward the second polarity are 
substantially centered about a common mode voltage. 
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[053] The current and the additional current from the apparatus 160 are provided 
contemporaneously or independently. Further, the voltage across the first write head connection 
node (for example, node 170) is pulled toward a positive supply voltage and the voltage across 
the second write head connection node (for example, node 172) is pulled toward a ground 
potential. Also, the voltage is adapted to be pulled toward the first polarity for a first duration, 
and the voltage is adapted to be pulled toward the second polarity for a second duration, wherein 
the first duration and the second duration are imequal, are substantially equal, and/or overlap. 

[054] The present invention also includes a method for producing write signals. The 
method comprises receiving current from a current source (such as the DAC IWRT) at a first 
system (such as the common mode generator 162) when the current source is not operating at a 
maximum current output, supplying the current from the first system to a second system (such as 
any combination of the H-bridge circuit 164, the current mirror circuit 166, the overshoot system 
168, the first write head connection node 170 and the second write head connection node 172), 
decreasing a voltage level at a transistor in the second system based on the supplied current, 
decreasing a voltage level at a write connection node 170 or 172 coupled to the transistor based 
on the decreased current, and maintaining a substantially common voltage for positive 
excursions and negative excursions of a write signal at the write connection node based on the 
decreased voltage level at the write connection node. 

[055] The method fiirther comprises receiving current from the current source at the 
second system when the current source is not operating at the maximum current output or when 
the current source is operating at a maximum current output, and fiirther comprises 
contemporaneously receiving the current at the first system and receiving the current at the 
second system, as well as receiving the current from the current source at the transistor. 

[056] Although an exemplary embodiment of the present invention has been 
illustrated in the accompanied drawings and described in the foregoing detailed 
description, it will be understood that the invention is not limited to the embodiments 
disclosed, but is capable of numerous rearrangements, modifications, and 
substitutions without departing from the spirit of the invention as set forth and 
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defined by the following claims. For example, a greater or lesser amount of gates 
may be implemented in the conmion mode generator 162 and/or in the overshoot 
system 168. 
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